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A SYSTEM FOR ADMINISTERING 
5 A COMBINATION OF THERAPIES TO A BODY LUMEN 

FIELD OF THE INVENTION 

This invention relates generally to a system for delivering a biologically 
active material to a surface of a body lumen. More particularly, the invention is directed to 
a system comprising a medical device that delivers a combination of therapies. These 
10 therapies include the administration of radiation, biologically active materials, genetic 
materials, cryotherapy, and themiotherapy. Still fiirther, the invention is directed to a 
method of treating a body lumen surface by preventing or Seating restenosis or hyperplasia, 
using the system of the invention. 

BACKGROUND OF THE INVENTION 

1 5 Vascular interventions, including angioplasty, stenting, atlierectomy and 

grafting are often complicated by undesirable effects. Exposure to a medical device which 
is implanted or inserted into the body of a patient can cause the body tissue to exhibit 
adverse physiological reactions. For instance, the insertion or implantation of certain 
catheters or stents can lead to the formation of emboli or clots in blood vessels, Similarly, 

20 the implantation of urinary catheters can cause infections, particularly in the urinaiy tract. 
Other adverse reactions to vascular intervention include endothelial and smooth muscle cell 
proliferation which can lead to hyperplasia, restenosis i.e. the re-occlusion of the artery, 
occlusion of blood vessels, platelet aggi-egation, and calcification. Treatment of restenosis 
often involves a second angioplasty or bypass sm-gery. In particular, restenosis may be due 

25 to endothelial ceil injury caused by the vascular intervention in treating a restenosis. The 
drawbacks of such treatment, includbg the risk of repeat restenosis, are obvious. 

For example, angioplasty involves insertion of a balloon catheter into an 
artery at the site of a partially obstmctive atherosclerotic lesion. Inflation of the balloon is 
intended to rupture the intima and dilate the obstraction. About 20 to 30% of obstructions 

30 reocciude in just a few days or weeks. Eltchaninoff al, Balloon Angioplasty Forln-Stent 
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Restenosis, 1998, J. Am Coll. Cardiol 32(4): 980-984. Use of stents reduces the re- 
occlusion rate, however a significant percentage continues to result in restenosis. The rate 
of stenosis after angioplasty is dependent upon a number of factors including the length of 
the plaque. Stenosis rates vary from 10% to 35% depending the risk factors present. 

5 Rirther, repeat angiography one year later reveals an apparently nomial lumen in only about 
30% of vessels having undergone the procedure. 

Restenosis is caused by an accumulation of exlTacellular matrix containing 
collagen and proteoglycans in association with smooth muscle cells which is fouiid in both 
the atheroma and the arterial hypeiplastic lesion after balloon injury or clinical angioplasty. 

10 Some of the delay in luminal naiTOwing with respect to smooth muscle ceil proliferation 
may result fi*om tlie continuing elaboration of matrix materials by neointimal smooth 
muscle cells. Vaiious mediators may alter matrix synthesis by smooth muscle cells in vivo. 
A "cascade mechanism" has been proposed for restenosis. In this model, an injurious 
stimulus induces expression of growth-stimulatory cytolcines such as interleulcin 1 and 

15 tximor necrosis factor. Libby et al, Cascade Model of Restenosis 1992, Circulation 86(6): 
in-47-III52, 

Various tlierapies have been attempted to treat or prevent restenosis. For 
example, it has been reported that, since oxidizing metabolites may induce chain reactions 
that may lead to restenosis, multivitamins having antioxidant properties (30,000 ICJ of beta 

20 carotene, 500 mg of vitamin C and 700 lU of vitamin E) andy'or probucol (500 mg) were 
studied. They were administered twice daily for four weeks prior and six months after 
angioplasty, Tardif al, 1997, N. Engl. J. Med. 337(6): 365-72. The antioxidant vitamins 
alone had no effect. Probucol did reduce the rate of restenosis after angioplasty by ahnost 
50%. However, probucol has been removed Jrom the U.S. market for reducing HDL 

25 cholesterol levels, and causing heart rhytlmi disturbances which might lead to dangerous 
arrhythmias. 

Other therapies for treatment or prevention of restenosis that are under 
exploration include radiation (botii /3 and y emitters) delivery stents. Intracoronai7 
irradiation during angioplasty and stent implantation to reduce the instances of restenosis 
30 have been studied. Limitations include, for example, handUng stents filled with radioactive 
liquid (Re 188-radioactive rhenium). Fiu:ther, studies show that this steategy may need to be 
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tailored to stent design for proper distribution for the absorption and scattering of beta 
emitters. Amols et al, \99S, Circulation 9S:2024-2029. Recently developed radiation 
delivery stents work on delivering radiation precisely at the location of stent deployment, 
either by placing a radioactive stent or by a secondary procedure of radiation delivery within 
5 the lumen of the stent following stent placement. This secondary procedure is usually 
carried out by placing a radioactive wire or a tube v^dth radioactive seeds precisely within 
the stent and along the length of the stent. The radiation dose is administered such tliat it 
affects only tlie vessel wall. The treatment of restenosis with radiation has been shown to 
be effective attiiough significant side effects have been observed, including late thrombosis, 

10 medial thinning and advential fibrosis, 

Othsr methods for treatment or prevention of restenosis, include the 
administration of pharmaceuticals, such as anticoagulants and antibiotics, in or on medical 
devices, througli systemic or local infusion. Various efforts and many state-of-the art stents 
that are undergoing clinical trials focus on the treatment of restenosis following stent 

15 placement. Drug delivery stents attempt to reduce restenosis by administering anti- 
inflammation drugs and cytotoxic dings, which are used to prevent hypei-plasia. Hoimones 
may be delivered to control vessel hypoplasia near the stent. In many cases, anti-platelet or 
other anti-thrombotic agents may be incorporated to prevent thrombosis within the lumen of 
the stent. 

20 In addition, gene therapy or proteiii therapy can be used for treatment or 

prevention of restenosis, cancer or hyperplasia tluough the administration of a biologically 
active material, such as nucleic acid or protein, to a subject who has restenosis, cancer or 
hyperplasia in whom prevention or inhibition of restenosis, cancer or hyperplasia is 
desirable. Genes expressing either cytotoxic or cytostatic proteins have been used. The 

25 major limitation in this approach has been the difficulty in getting enough of the gene into 
the afflicted tissue. Adenoviral vectors have improved the delivery of genes to tissues but 
only moderately. 

For general reviews of the methods of gene therapy, see Goldspiel et al, 
1993, Clinical Pharmacy 12:488-505; Wu and Wu, 1991, Biotherapy 3:87-95; Tolstoshev, 
30 1993, Ann. Rev. Pharmacol. Toxicol. 32:573-596; Mulligan, 1993, Science 260:926-932; and 
Morgan and Anderson, l997>,Ann. Rev. Biochem. 62:191-217; May, 1993, TIBTECH 
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11 (5): 155-215). Methods commonly known in the art of recombinant DNA technology 
which can be used are described in Ausubel et al (eds.), 1993, Cun-ent Protocols in 
Molecular Biology, John Wiley & Sons, NY; ICriegler, 1990, Gene Transfer and 
Expression, A Laboratory Manual, Stockton Press, NY; and in Chapters 12 and 13, 
5 Dracopoii et al. (eds.), 1994, Current Protocols in Human Genetics, John Wiley & Sons, 
NY. 

One of the problems witli the current technology, in particular radioactive 
stents, is that restenosis may still occur at the parts of the surface of the body lumen that are 
in contact with the ends of a stent. Closure or constriction of the vessels commonly occurs 

10 when the vascular cells proliferate around the ends of the stent. This is known as the 
"candy-wi-apper effect", also loiown as edge restenosis or edge effect. Albiero et al., 2000, 
J. Invas. Cai-diol. 12(8):416-421; Latchem et al., 2000, Catheter Cardiovasc Interv. 
51(4):422-429; Kim et al., 2001, J. Am. Coll. Cai-diol. 37(4): 1026-1030. A schematic , 
diagram describing this effect is show in Figure 1 . Figure 1 shows a cross section of a body 

15 lumen with a radioactive stent implant where restenosis occurred at the opposing ends of the 
stent. The surface 10 of a body lumen 30 at the ends of the implanted stent 40 is smrounded 
by hypeiproliferating tissues 20. This appearance is similar to a candy with a wrapper and 
thus the name "candy-wrapper effect", A cause for some types of hypeiplasia is that when a 
body liunen is treated with radiation, the radioactive source is usually targeted towards the 

20 center of the stent where the original lesion was situated, hi an effort to minimize 
extraneous radiation to healthy vessel tissue, radiation is targeted towards the center. 
Hence, restenosis may still occur at the edge of the stent due to a lower dosage of radiation 
at the ends. The underlying mechanism for this effect is that the radiation dosage at the 
ends is at a level such that it stimulates cell gi-owtli as opposed to stopping it, Cleai-ly, there 

25 remains a great need for therapies directed to the prevention and treatment of restenosis and 
i-elated disordei-s. 

Therefore, there is a need for a system to provide treatment of a body lumen 
paiticularly where it is in contact with the ends of a medical device such as a stent and in 
pai-ticulai- preventing intimal hyperplasia and smooth muscle cell prohferation which cause 
30 stenosis or restenosis of the body lumen. 
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Citation of references liereinabove shall not be construed as an admission 
that such references are prior art to the present invention. 

SUMiMARY OF THE INVENTION 
The present invention is aimed at using an implantable medical device to 
5 effect a desired treatment, which is often, but not necessarily, the prevention of restenosis. 
Specifically, the invention is aimed at reducing the incidence of restenosis by exposing a 
potential restenosis site to treatment by, e.g. radiation, biologically active materials, genetic 
materials, cryotherapy and thermotherapy. The system of the present invention was 
designed to provide a therapy which may include any of the above treatments in 
10 combination. 

In one embodiment of the present invention, a system is provided for 
delivering a biologically active material to a surface of a body lumen exposed to a 
radioactive soiu'ce. The radioactive source can be, but need not be, incorporated into the 
medical device. This system comprises an implantable medical device which has two 

15 opposing ends, each having a surface, and a middle portion and a siurface. At least one 
biologically active material is appUed to at least one end of the device. An end is a portion 
of the device at the terminus of the device that is no more than about 25% of the total length 
of the device. The middle portion of the medical device is substantially free of any 
biologically active material. In another embodiment, a system comprises an implantable 

20 medical device comprises at least one biologically active material coated onto the surface of 
the device. 

Furthei-more, in yet another embodiment, the present invention provides a 
system for delivering a biologically active material to a surface of a body lumen exposed to 
a radioactive source. The system comprises an implantable medical device having two 

25 opposing ends and a middle portion and a surface. At least one biologically active material 
is applied to the ends of die medical device. The radioactive source is applied to the middle 
portion of the medical device and the end portions of the medical device are substantially 
free of direct exposure to the radiation soui-ce. In a specific embodiment, the biologically 
active material is applied to the middle portion of the medical device. 

30 In another embodiment, a system is pi-ovided for treating a surface of a body 

lumen in which the system comprises an implantable medical device which has two 
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opposing ends atid a middle portion. The medical device further has a surface which is 
capable of being placed in contact with at least a part of the body lumen. The system 
comprises at least one biologically active material applied to the medical device. The 
system fiuther comprises a device for applying a therapy source to the body lumen surface. 
5 The therapy source may be a cryotiierapy source or a thermotherapy source. The therapy 
soui-ce can be provided thi-ough a balloon catheter which may be located along the entire 
lengtli of the implantable medical device. In another embodiment, the biologically active 
material is provided through a balloon catheter. In a specific embodiment, the balloon may 
be located at each of tlie ends of the implantable medical device, providing the biologically 
10 active material to each of the ends of the implantable medical device. 

In yet another embodiment, a system is provided for treating a surface of a 
body lumen exposed to a radioactive source. The system comprises an implantable medical 
device having two opposing ends and a middle portion and a surface. The two opposing 
ends may be placed in contact with at least a part of the body lumen surface. The system 
15 further comprises a device for applying a therapy source to the body lumen surface. Also, 
the therapy source may be a cryotherapy source or a thermotherapy som-ce. The therapy 
source can be provided through a balloon catheter wMch may be located along the entire 
length of the implantable medical device. In another embodiment, the biologically active 
material is provided through a balloon catheter located at each of the ends of the 
20 implantable medical device. 

Moreover, it is an object of the present invention to provide a system for 
delivering a genetic material to a surface of a body lumen exposed to a radioactive som-ce. 
The system comprises a medical device having tvro opposing ends, and a middle portion. 
At least one genetic material is applied to the medical device. The genetic material may be 
25 applied to the entire length of the medical device or just to the ends so that the middle 
portion is substantially free of any biologically active material, including the genetic 
material. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a cxoss-sectional view showing the "candy-wrapper effect" of a 
surface 10 of a body hxmen 30 in which restenosis occurred with hyperproliferating tissues 
20 at the surface 10 of the body lumen 30, at or near the ends of a radioactive stent 40 which 
5 emits radioactive energy 60. 

FIGURE 2 is a cross-sectional view showing the surface 10 of a body lumen 
30 in which hyperplasia is prevented using one embodiment of tlie invention involvmg a 
stent 50 which has drug coated ends 70 and a middle portion, 75 wMch applies a radioactive 
source 60 to the surface of the body lumen. 
iO FIGURE 3 is a schematic diagram of a magnified cross-section of a portion 

of stent 50 covered with a biologically active material 70 that is shown in Figure 2. Struts 
80 are covered with a coating 90 which comprises biologically active material 120 within 
capsules 110. 

FIGURE 4 is a cross-sectional view showing the surface 10 of a body 
15 lumen 30 in which hyperplasia is prevented using the system of the invention comprising a 
stent 150 formed of a radioactive material in combination with a'balloon catheter 190 that 
deUvers a ciyotherapy or theniiotherapy source to the body lumen. 

FIGURE 5 is a cross-sectional view showing the surface 10 of a body lumen 
30 in which hyperplasia is prevented using an embodiment of the invention comprising a 
20 drug coated stent 150 in combination with a balloon catheter 190 that delivers a cryotherapy 
or thermotherapy source. 

FIGURE 6 is a cross-sectional view showing the surface 10 of a body lumen 
30 in which hyperplasia is prevented using an embodiment of the invention comprising a 
stent 150 in which a radioactive wke 230 is placed m tlie center providing radiation 60. A 
25 balloon is located at the ends of the stent 150 that delivers a biologically active material, 
cryotherapy or thermotherapy source. 
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DETAILED DESCRIPTION OF THE INVENTION 
THE SYSTEM OF THE INVENTION 

The system of the present invention comprises a medical device having two 
opposing ends and a middle portion and a surface. Such devices include but are not limited 
5 to catheters, implantable vascular access ports, stents, central venous catheters, prosthetic 
seeds, cathetei-s, (arterial, venous, non-vascular and vascular) grafts, and aneurysm filing 
coils. 

The present invention is usefiil in treating suifaces of body lumens, 
particularly in the prevention and treatment of restenosis or hypeiproliferating tissue in body 

10 lumens. For instance, as shown in Figm-e 1 , even tliougla a stent 40 has been inserted in the 
body lumen 30 to prevent restenosis, such undesired restenosis 20 can nonetheless occur-, 
particularly at or near- the ends of the stent 40, when the body lumen is exposed to a 
radioactive source. This effect is the "candy-wrapper effect", also Icnown as edge restenosis 
or edge effect, mentioned above. The claimed system can be effective in preventing or 

15 minimizing such effect. 

An embodiment of a system of the present invention is illustrated in Figure 
2. Figure 2 shows a cross-sectional view of a body lumen 30 m wliich an expandable stent 
50 has been implanted at a site where hyperplasia or restenosis is to be prevented. This 
system comprises a flexible elongated stent 50 whose middle portion is fomied from a 

20 radioactive material which exposes the smface of the body lumen 30 to radiation 60. In 
alternative embodiments, the radioactive source could be supplied by another device such as 
a catheter or radioactive seeds placed inside the stent lumen, using a delivery catheter, hi a 
specific embodiment, radiation may be admmistered at the middle portion of the stent and 
tlie ends, which comprise a biologically active substance, are substantially free of direct 

25 exposure to radiation. In another embodiment, radiation may be directly administered to the 
entire length of the stent, even at the ends, of the stent, as long as each of the ends 
comprises a biologically active material. 

In an embodiment, the opposing ends of the stent 70 comprise a biologically 
active material. However, the middle portion is substantially free of any biologically active 

30 material. The biologically active material can be incorporated into the ends 70 of the stent 
50 by various devices known to tihose skilled in the art. Such techniques include coating the 
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ends 70 with a composition containing the biologically active material or chemically 
bonding the biologically active material to the surface of the ends 70, In a specific 
embodiment, the biologically active agent may be delivered tlirougli a separate catheter. For 
example, the delivery catheter for the radioactive stent may have one or two drag delivery 
5 balloons along the shaft. Alternatively, a systemically delivered agent may assist in 
prevention of restenosis at the ends. 

An example of the ends of a device is illustrated in Figure 2 with the 
opposing ends of the stent 70 as the ends. The end of the device is considered to be that 
portion at a terminus of the medical device that is no more tlian about 25% of the total 

10 length of the device. Thus, the lengths of each of the two opposing ends that comprises the 
biologically active material are about 1-25% of the full length of the medical device. 
Preferably the ends are each about 5-15% of the total length or more preferably they are 
about 5-10 % of the total length. 

Figure 3 shows a magnified cross-section of a portion of stent 50 of Figure 2. 

15 Struts 80 of the stent 50 ai'e covered with a coating 90 comprising of biologically active 
material which may be contained in capsules 110 such as liposomes. Radiation 60 is 
provided by a radioactive source 100 which is placed near the stent stmts 80. The radiation 
60 triggers the release of the biologically active material 120 from the capsules 1 10, In 
another embodiment, the release of the biologically active material need not be triggered by 

20 the radiation. The biologically active material is rele^ed upon application of tlie 
radioactive source. 

In another embodiment, tlie biologically active material 120 is a genetic 
material. Useful genetic material includes nucleic acid molecules such as DNA or RNA 
sequences having a therapeutic effect after being taken up by a cell. Other examples are 

25 discussed infra. In this embodiment, the genetic material may be present along the entire 
length of the implantable device including the middle portion or located at certain pai-ts of 
the device. 

Another embodiment of the system of the present invention is illustrated in 
Figure 4, Figure 4 shows a cross-sectional view of a body hunen 30 in wliich a radioactive 
30 stent 1 50 has been implanted. The stent 1 50 is surrounded on either end by target regions 
20 which are sites of possible restenosis or hyperplasia in the body lumen surface 10. Stent 
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150 may be made radioactive by various methods laiown in the art such as incorporating 
into or coating onto the stent a radioactive material. In an alternative embodiment, the 
surface 10 of the body lumen 30 can be irradiated by a separate radioactive source, such as a 
catheter. Also in this embodiment, a device such as a balloon catheter 190 is introduced 
5 into the body lumen 30 to deliver a cryotherapy or thermotherapy som-ce to the target 
regions 20. The catlieter 190 may be any tyije of catheters described infra, that can deliver 
cryotherapy or thermotherapy sources. Cryothei-apy and tliermotherapy sources are also 
described wfra. 

In this embodiment, the balloon 190 has a proximal end 170, a distal end 220 

10 and a guide wire (not shown) and a lumen 210 for inflating the balloon and delivering the 
ciTotherapy or thermotherapy source. An inflatable balloon 190 is disposed on the catheter 
140. The catheter 140 is positioned within the lumen of stent 150, so that the balloon 190 is 
in contact with the tai-geted areas 20 in the body lumen. A cryotherapy source, e.g. a cold 
fluid, or a thei-motherapy source, e.g. a hot liquid, is delivered through the lumen 210 to the 

15 interior of the balloon 190 through openings 200, which are located near the ends of the 
stent. Specifically, the cryotherapy source ti-avels along the lumen 210 and fills the balloon 
190 at openings 200. Openings 200 are positioned such that they are near the ends of the 
stent and target areas 20. As the balloon 190 is inflated, the outer wall of the balloon 
contacts those parts of the surface of the body lumen that ai-e in contact with the opposing 

20 ends of the medical device. In this manner, the cryotherapy or thermotherapy source is 
applied to those parts of the body limien surface that are in contact with the ends of the 
stent. Cryotherapy and thermotherapy can be provided in other manners as well For 
example, it may be created within the balloon by a small heater (such as radio frequency 
antemias of Boston Scientific Corporation) or cooler (liaving Peltier effect) or niti-ogen 

25 nozzles used by Cryocathe and Novoste Coiporation. Alternatively, the balloon wall may 
have pores or openings near the ends of the stent so tliat the cryotherapy or thermotherapy or 
pharmaco-therapy som-ce can be applied directly to the surface of the body lumen in contact 
with the ends of the stent. 

Yet another embodiment of a system of tlie present invention is illustrated in 

30 Figure 5. Figm-e 5 shows a cross-sectional view of abody lumen 30 in which a stent 150, 
coated with a biologically active material has been implanted. The stent is surrounded by 
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exemplary target regions 20 where hyperplasia or restenosis is to be prevented or treated. 
The target region can be along the entire body lumen surface in contact with the stent or 
located at the body lumen surface at the ends of the stent. Stent 1 50 can be any stent or 
medical devices that has two opposing ends and a middle portion. The biologically active 
5 material may be any therapeutics descdbed infra. The biologically active material may be 
coated onto the stent by any methods known in the art, some of which are described infra. 
The system also includes a balloon catheter 190 or other device for applying a cryotherapy 
or themiotherapy or phannaco-therapy soui'ce to the surface of the wall of the body lumen 
that is in contact with the stent 150. The catheter 140 applies these therapy sources to the 

10 target regions 20 and those parts of the body lumen surface in contact with the stent. 

Yet another embodiment of a system of the present invention is illustrated in 
Figure 6, Figure 6 shows a cross-sectional view of a body lumen 30 in which neither the 
radioactive source nor a second source, which may be biologically active material, 
cryotherapy som-ce or theimotherapy source, is on stent 150. A delivery catheter provides 

15 the radioactive source to the center of stent 150 and the delivery catheter or a separate 
catheter may have one or more balloons for delivering a biologically active material, 
cryotherapy source or thermotherapy source, along the shaft. 

MEDICAL DEVICES THAT ARE SUITABLE FOR THE INVENTION 
20 Examples of medical devices that are suitable for use in the system of this 

invention include any device having opposing ends and a middle portion. These devices are 
not only for the treatment of stenosis. Adjimct therapy of radiation and biologically active 
material may provide novel h-eatments for various diseases such as hyperproliferative 
diseases including cancer, which may not resuh from treatment of stenosis. Devices that are 
25 suitable for the present invention include without limitation cathetei-s, guide wires, balloons, 
filters {e.g., vena cava filters), stents, stent gi-afts, a commercial synthetic graft, prosthetic 
seed, dialysis shunt, aneurysm coil, a biological vascular or non-vascular gi-aft, filtei-s, 
implants, and angioplasty devices. 

Devices v/hich are particularly suitable include vascular or non- vascular 
30 stents such as self-expanding stents and balloon expandable stents. Examples of self- 
expanding stents useful in the present invention are illustrated in U.S. Patent Nos. 4,655,771 
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and 4,954,126 issued to Wallsten and 5,061,275 issued to Wallsten et al Examples of 
appropriate balloon-expandable stents are shown in U.S. Patent No. 4,733,665 issued to 
Palmaz, U.S. Patent No. 4,800,882 issued to Giantui-co and U.S. Patent No. 4,886,062 
issued to Wiktor. Examples of filters that are usefial in this present invention include, e.g., 
5 those desciibed in Memational Application No. WO 96/17634 and International 

Application No. WO 96/12448. Examples of suitable grafts are described in U.S. Patent 
Nos. 5,509,931, 5,527,353, and 5,556,426, 

Medical devices tliat are useful in the present invention can be made of any 
biocompatible material suitable for medical devices in general which include without 
10 limitation natural polymei-s, synthetic polymers, ceramics and metaliics. 

The polymer(s) useful for forming the medical device should be ones that are 
biocompatible and avoid irritation to body tissue. They can be either biostable or 
bioabsorbable. Polymers that may be used in the present invention may be hydrophilic or 
hydrophobic, and is selected from the group consisting of polycarboxylic acids, celluiosic 
15 polymers, including cellulose acetate and cellulose nitrate, gelatin, polyvinylpyrrolidone, 
cross-linlced polyvinylpyiToIidone, polyanhydrides including maleic anhydride polymers, 
polyamides, polyvinyl alcohols, copolytiiers of vinyl monomers such as PVA, polyvinyl 
ethers, polyvinyl aromatics, polyethylene oxides, glycosaminoglycans, polysaccharides, 
polyesters including polyethylene terephthalate, polyacrylamides, polyethers, polysulfones, 
20 polyether sulfone, polycarbonate, polyalkylenes including polypropylene, polyethylene and 
high molecular weiglit polyetliylene, halogenated polyalkylenes including 
polytetrafluoroethylene, polyurethanes, polyorthoesters, proteins, polypeptides, silicones, 
siloxane polymers, polylactic acid, polyglycolic acid, polycaprolactone, 
polyhydroxybutyrate valerate and blends and copolymers thereof as well as other 
25 biodegradable, bioabsorbable and biostable polymers and copolymers. 

Other polymers which can be used include ones that can be dissolved and 
cured or polymerized on tlie medical device or polymers having relatively low melting 
points that can be blended with therapeutic agents. Such suitable polymers include 
polyolefms, polyamides, polyisobutylene, ethylene-alphaolefm copolymers, acrylic 
30 polymers and copolymers, vinyl halide polymei-s and copolymers such as polyvinyl chloride, 
polyvinyl ethers such as polyvinyl methyl ether, polyvinylidene halides such as 
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polyvinylidene fluoride and polyvinylideae chloride, polyacrylonitiile, polyvinyl ketones, 
poly\'inyl aromatics such as polystyrene, polyvinyl esters such as polyvinyl acetate; 
copolymers of vinyl monomers, copolymers of vinyl monomers and olefins such as 
ethylene-methyl raethaciylate copolymers, acrylonitrile-styrene copolymers, ABS resins, 
5 polycai-bonates, acrylonitrile butadiene, styi-ene copolymers, ethylene vinyl-acetate, 

thermoplastic elastomers, ethylene-vinyl acetate copolymers, polyamides such as Nylon 66 
andpolycaprolactone, alkyd resins, polycarbonates, poiyoxymethylenes, polyimides, 
polyesters, epoxy resins, rayon-triacetate, cellulose, cellulose acetate, cellulose butyrate, 
cellulose acetate butyrate, cellophane, cellulose nitrate, cellulose propionate, cellulose 

10 etliers, carboxymethyl cellulose, coUagens, chitins, polylactic acid, polyglycolic acid, and 
polylactic acid-polyethylene oxide copolymei-s. 

More preferably for medical devices which midergo mechanical challenges, 
e.g. expansion and contraction, are polymers selected from elastomeric polymers such as 
silicones (e.g. polysiloxanes and substituted polysiloxanes), polyurethanes, thermoplastic 

15 elastomers, ethylene vinyl acetate copolymers, polyolefm elastomers, polyisobutylene and 
its copolymers, and EPDM rubbers. 

Other polymers that are useful as materials for medical devices include 
without Ihnitation dacron polyester, poly{ethyIene terephthalate), polycarbonate, 
polymethyhnethacrylate, polypropylene, polyalkylene oxalates, polyvinylchloride, 

20 polyurethanes, polysiloxanes, nylons, poly(dimethyl siloxane), polycyanoacrylates, 
polyphosphazenes, poly(amino acids), ethylene glycol I dimethacrylate, poly(methyl 
metliacrylate), poly(2-hydroxyethyl methacrylate), polytetrafluoroethylene poly(HEMA), 
polyhydroxyallcanoates, polytetrafluorethylene, polycarbonate, poly(glycolide-lactide) co- 
polymer, polylactic acid, poly(e-caprolactone), poly(/3-hydroxybutyrate), polydioxanone, 

25 poiy(Y-etliyI glutamate), polyiminocarbonates, poly(ortho ester), polyanhydrides, alginate, 
dextran, chitin, cotton, polyglycolic acid, polyurethane, or derivatized versions thereof, i.e.> 
polymers which have been modified to include, for example, attachment sites or cross- 
linking groups, e.g., RGD, in which the polymers retain their structiu-al integrity while 
allowing for attachment of molecules, such as proteins, nucleic acids, and the like. 

30 Furthermore, althougli the invention can be practiced by using a single type 

of polymer to form the medical device, various combinations of polymers can be employed. 
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The appropriate mixture of poljuiers can be coordinated with biologically active materials of 
interest to produce desired effects when incorporated into a medical device. 

Metallic materials that can be used to make the medical device used in the 
present invention include metals and alloys based on titanium (such as nitinol, nickel 

5 titanium alloys, thermo-memory alloy materials), stainless steel, tantalum, nickel-chrome, or 
cobalt-chi-omium (such as Elgiloy® and Phynox®). Metallic materials also include clad 
composite filaments, such as those disclosed in WO 94/16646. Examples of ceramic 
materials include ceramics of alumina and glass-ceramics such as Macor®. 

Metallic materials maybe made into filaments and then woven to form a 

10 network of metal mesh. Polymer filaments may also be used together with the metallic 
filaments to form a network mesh. If the network is made of metal, tlae intersection may be 
welded, twisted, bent, glued, tied (witli suture), heat sealed to one another; or connected in 
any manner known in the art. 

1 5 SOURCES OF RADIATION 

The radioactive sources that are suitable for use in the invention would be 
Imown to the skilled artisan. Temporary or permanent radioactive sources may be used. 
For instance, there are many ways to apply the radioactive soui-ce. The medical device may 
be composed of a radioactive material. For example, the radioactive material may be 

20 applied as a coating or covering. Also, the radioactive source may be supplied from a 
source other than the medical device itself, e.g., radioactive particles can be tethered to 
polymers and delivered locally via a device. Such polymers include natural polymers such 
as protein, oligonucleotides, DNA, RNA, etc, In addition, radioactive fluid may be injected 
into a catheter or balloon which is placed at the center of the medical device. Also, 

25 radioactive wii-e may be inserted at the center of the medical device. Furthermore, non- 
radioactive stent may be exposed to i-adiation in a machine and then implanted as a 
radioactive stent. 

When the medical device is comprised of a radioactive material, the medical 
device can be formed by alloying a radioactive material into the metal fi'om whicli the stent 
30 is made. The radioactive material can also be alloyed or woven into the stent stmts. For 
example, phosphorus 32, a 14.3 day half-Hfe beta emitter, could be alloyed into steel which 
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could be used for the stent struts. Also, as described in U.S. Patent No. 6,01 0,445, the 
medical device can be alloyed with an activatable element (precursor isotope). Neutron 
activation of the medical device material with the incorporated precursor isotope provides a 
radioactive medical device. The neutron activation may take place in a nuclear reactor prior 
5 to implant. Such activatable metals and metal alloys include iron, chromium, stainless steel, 
nitinol, rhemum-185, rhenium-187, rhenium alloy, tungsten-186. Alternatively, the 
radioactive material can be coated onto the surface of the medical device or be placed inside 
the medical device. 

When the radioactive source is supplied firom a source other than 'the medical 

10 device, a catheter can be used to apply tiie radiation treatment to the body lumen. Such 
radioactive som-ces include seeds, radioactive wires, radioactive fluids, radioactive coatings, 
radioactive balloons, and radioactive elements bound to a substrate, such as a polymer. 

The radioactive som-ce may be a radioactive isotope. The radioisotope used 
for this purpose may be an alpha, beta, or gamma emitter or x-radiation. The half-life of the 

15 radioisotope would ideally be between 10 hours and 100 days. A preferred x-ray emitter 
can be a beta emitting isotope such as vanadium 48 which has a half-life of 16 days and 
only 8% of its emitted energy is from gamma radiation. The ideal attribute of a beta emitter 
is that the radiation does not travel very far into human tissue. Thus only the tissue in close 
proximity to the radioisotope will be affected. Furthermore only moderate levels of 

20 radiation are desired since it is known that veiy high levels can cause injury to 
nonproliferating tissues. 

APPLICABLE BIOLOGICALLY ACTIVE MATERIALS 
The biologically active materials wliich can be used in the invention can be 
25 any therapeutic substances such as those which reduce or prevent adverse physiological 
reactions from vascular intei-ventions. The biologically active materials can be of various 
physical states, e.g., molecular distribution, suspensions, crystal fomis or cluster forms. The 
biologically active material used in the present invention may be bound to microspheres or 
contained within microcapsules (e.g. liposomes) or iodinized oils as the earner. In one 
30 embodiment, the biologically active material can be activated by radiation. 
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Suitable biologically active materials include in general, antiplatelet agents, 
anti-coagulant agents, anti-cancer agents, antimitotic agents, cytotoxic agents, antioxidants, 
antimetabolite agents, and anti-inflammatory agents. Antiplatelet agents can include dmgs 
such as aspirin and dipyridamole. Aspirin is classified as an analgesic, antipyretic, anti- 

5 inflammatoiy and antiplatelet drug. Dipyridamole is a dmg similar to aspirin in that it has 
anti-platelet characteristics. Dipyridamole is also classified as a coronary vasodilator. 
Anticoagulant agents can include drugs such as protamine, hirudin and anticoagulant 
protein. Anti-cancer agents can include drugs such as taxol, paclitaxel, and its analogs or 
derivatives. Antioxidant agents can include probucol and anti-proliferative agents can 

10 include nitric oxide (NO) and drugs such as amlodipine and doxazosin. Antimitotic agents 
and antimetabolite agents can include drugs such as methotrexate, azathioprine, vincristine, 
vinblastine, 5-fluorouracil, adriamycin, mutamycin, and sirolimus. Antibiotic agents can 
include penicillin, cefoxitin, oxacillin, tobramycin, and gentamycin. Preferably, the 
biologically active material is activated by radiation. 

1 5 Other examples of biologically active materials tliat can be used in 

accordance with the present invention include, but are not limited to, anti-tln-ombogenic 
agents such as heparin, heparin derivatives, urokinase, and PPack (dextrophenylalanine 
proline arginine chloromethylketone); auti-prohferative agents such as enoxaprin, 
angiopeptin, or monoclonal antibodies capable of blocking smooth muscle cell proliferation, 

20 himdin, and acetylsalicylic acid; anti-inflanmiatoiy agents such as glucocorticoids, 
betamethasone, dexametiiasone, prednisolone, cordcosterone, budesonide, esft'ogen, 
sulfasalazine, and mesalamine; antineoplastic/antiproliferative/anti-miotic agents such as 
paclitaxel, 5-fluorouracil, cisplatin, vinblastine, vincristine, epothilones, endostatin, 
angiostatin and thymidine kinase inhibitors; anesthetic agents such as lidocaine, 

25 bupivacaine, and ropivacaine; anti-coagulants such as D-Phe-Pro-Ai-g chlororaethyl Iceton, 
an RGD peptide-containing compound, antitlxrombin compounds, platelet receptor 
antagonists, anti-tlirombin antibodies, anti-platelet receptor antibodies, aspirin, 
prostaglandin inhibitors, platelet inliibitors and tick antiplatelet peptides; vascular cell 
growth promotors such as growth factors, including FGF, HGF, and VEGF, gi'owth factor 

30 receptors, U-anscriptional activators, and translational promotoi-s; vascular cell growth 
inhibitors such as antiproliferative agents, growth factor inliibitors, gi-owtli factor receptor 



-16- 



wo 2004/049918 



PCT/US2003/O38412 



antagonists, transcriptional repressors, translational repressors, replication inhibitors, 
inlribitory antibodies, antibodies directed against gi'owth factors, cell cycle inhibitors such 
as CD inhibitors, bifunctional molecules consisting of a growth factor and a cytotoxin, 
biflinctional molecules consisting of an antibody and a cytotoxin; cholesterol- lowering 
5 agents; vasodilating agents; agents which interfere with endogenous vascoactive 
mechanisms; and agents which sensitize cells to radiation. 

Biologically active materials including cells maybe used in the present 
invention as described below. These cells can be of human origin (autologous or 
allogeneic) or from an animal som'ce (xenogeneic). These cells can be genetically 

10 engineered containing an exogenous nucleic acid comprising a nucleotide sequence 
encoding a gene such as thymidine kinase, retinoblastoma, p53, CDKN2, MTS-1, 
P16(INK4a), p21, fasL, VEGF and HFG; and genes which sensitize cells to radiation. 
Other genetic material that are suitable for use in the invention ai-e discussed infra. The 
delivery media can be foraiulated as needed to maintain cell function and viability. Various 

15 cell types may be used in the present invention, including but not limited to, embryonic 
stem cells, multi-potent stem cell of monocyte-macrophage, hematopoietic cells, 
lymphocytes, neutrophil system, megakaryocytes, erythrocytes, bone marrow, stromal cells, 
hepatocytes, epithehal cells, fibroblasts, endocrine cells, intestinal cells, pancreatic islet 
cells, thyroid cells, pituitary cells. 

20 Negatively charged biologically active materials that may be used as a 

therapeutic in the present invention can be any biologically active materials that will 
associate with the positively charged moieties on the derivatized polymer at or below about 
a physiological pH, which is preferably about 7.4, and that will be substantially released 
therefrom at or above a physiological pH, Such negatively charged therapeutic agents 

25 include, but are not limited to nucleic acids such DNA, cDNA, RNA, antisense DNA or 
RNA, nucleotides, proteins, oligopeptides which ai-e discussed infra. 

Also, a biologically active material may be encapsulated by liposomes before 
they are incorporated into or onto the medical device. These liposomes are preferably 
ruptured by radiation so that the biologically active materials may be released upon 

30 radiation treatment. The encapsulated biologically active materials useful in the present 
invention may be prepared in a number of ways known in the art. For example. 
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microencapsulation teclimques for the preparation of microcapsules having a wall or 
membrane of polymeric material are described in literature such as "Microencapsulation 
and Related Drug Processes" by P.O. Deasy, Mai-cel Deldcer hic. New York (1984). 

The method of incorporating the biologically active material into the 
5 medical device such as stents encompasses any of the methods Icnown in the art, includmg 
the use of graft coverings, coatings comprising hydrogels or other polymers, adhesives, and 
reservoirs, etc. Alternatively, the biologically active material maybe incorporated onto the 
medical device thi-ougli chemical bond or covalent bond. Preferably, the biologically active 
material is incorporated onto the device by applying a coating or multiple coatings of a 

10 composition each containing the same or different biologically active materials. The 
biologically active material may be incorporated onto or into the stent with or without 
mixing witli a polymer. 

The polymer used in the coating composition is preferably capable of 
containing a substantial amount of biologically active materials. Polymei-s that ai-e suitable 

15 in a coating composition includes, without limitation, polyiiretliane dispersions 

(BAYHDROL®, etc.) and acrylic latex, protein polymer, fibiin, collagen and derivatives 
thereof, polysaccharides such as celluloses, stai-ches, dextrans, alginates and derivatives of 
these polysaccharides, an extracellular matrix component, hyaluronic acid, or another 
biological agent or a suitable mixtm-e of any of these, for example, hi one embodiment of 

20 the invention, the preferred polymer is polyacrylic acid, available as HYDROPLUS® and 
SiBs styrene (Boston Scientific Corporation, Natick, Mass.), and described in U.S. Pat. No. 
5,091,205. In a most preferred embodiment of the invention, tlie polymer is a copolymer of 
polylactio acid and polycaprolactone. 

The particular amount of the preparation to be applied to the device can be 

25 easily deteitnined empirically by comparing devices with different amounts of the drug 
coated thereon and deteiinining the efficacy of each. Also, one skilled in the relevant art 
would also be in a position to easily evaluate the efficacy of a device. 

Moreover, more than one coating of the drugs, can be applied to the surface 
of a medical device. The concentration or loading of biologically active material in the 

30 coating may be vaiied according to the therapeutic effects desired. Generally, tlie coating 
may contain 10-100% by weight or preferably 30-100% by weight of the biologically active 
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material. Most preferably, 45-100% by weight of tlie biologically active material should be 
incorporated in the coating. 

The coating composition can be applied by such methods as dipping, casting, 
exti-uding, vacuum deposition or spray coating. The coating with the biologically active 
5 materials may be applied to the inside or outside surface of the medical device. Spray 
coating the composition onto the medical device is preferred since it permits the tliickness 
of the coating to be readily adjusted. The tlTickness of the coating can range from about 0.1 
to about 100 microns. Preferably, this layer is about 1 to about 5 microns; 15 to 50 microns. 
Since different coating thiclcnesses can be readily achieved by adjusting the number of spray 

10 cycles, spray coating the medical device is preferred. Typically, an airbrush such as a 
Badger Model 150 (supplied witli a source of pressurized air) can be used to coat the device. 
If a significant amount of surface area is to be coated, it maybe preferable to place the 
device in a rotating fixture to facilitate the coverage of the device surface. 

Moreover, several coatings of different compositions may be used so that 

15 more than one biologically active material and/or polymer may be incoiporated onto the 
medical device. The placement of the different layers may be determined by the diffusion 
or eiution rates of the biologically active material involved as well as the desired rate of 
delivering it to Che body tissue. In one embodiment, the first coating layer contains a higher 
dose of biologically active material and the subsequent coating layers contain a lower dose 

20 of a biologically active material. This gradient provides replenishment of biologically 
active material from the first coating layer to the subsequent coating layers, thereby 
allowmg the biologically active material to be released slowly over time. 

After application of the coating, the polymer can be cured to produce a 
polymer matrix containing the biologically active material and the solvent evaporated by 

25 any method known in the art. Certain polymers, such as silicon, can be cured at relatively 
low temperatures, (e.g. room temperature) in what is Icnown as a raom temperature 
vulcanization process. The time and temperature of heating will of course vary with the 
particular polymei-, drugs, solvents and/or crosslinlcers used. One of skill in the axt is awai-e 
of the necessaiy adjustments to these parametere. Also, the devices may be cured after the 

30 last layer ofcoating has been applied. 
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Furthermore, to prepare a stabilized coatings used in this invention, the 
medical devices can be exposed to a low energy, relatively non-penetrating energy source 
such as gas plasma, electron beam energy, or corona discharge after they are covered with at 
least a layer of a drug-releasing coating. In an embodiment, hydrogels may be used in the 

5 coating for the incorporation of hydrophilic biologically active materials. 

Graft coverings may provide for localizing the biologically active material at 
the ends of a medical device. Graft coverings are strips of fabric such as dacron or 
expanded PTFE that are used to hold tlie biologically active material in a matrix. Graft 
coverings are beneficial to cover the ends of a medical device to prevent abrasion of the 

10 device against the vessel wall and scai" tissue (anastomotic hyperplasia). Suitable graft 
coverings include products by Boston Scientific Corporation, Naticlc, MA. Alternatively, 
tlie "graft" may be sutures or strips attached or interwoven into the ends of the stent, which 
hold the biologically active material. 

hi other embodiments, the therapeutics maybe distributed tkoughout the 

1 5 entire length of the medical device. Also, the therapeutics may be distributed evenly or 
unevenly along the entire length of the medical device. Fuitliemiore, the biologically active 
material such as genetic materials, may be distributed along the entire length of the medical 
device it^ bands leaving some parts of the device without any therapeutics. 

APPLICABLE GENETIC MATERIALS 

20 One embodiment of the present invention relates to the treatment of 

restenosis by combining gene therapy approaches with radiation. The combined therapy has 
a number of benefits: since it has been shown that tissue damage increases the level of gene 
uptake by cells, radiation treatment is expected to yield analogous results. Gene therapy 
sensitizes cells to radiation therapy so that the cells are more susceptible to radiation, 

25 diereby avoiding flie toxic effects of standard intra-arterial radiation. 

Genetic materials such as nucleic acid molecules may be delivered via the 
intravascular route to the site of treatment as an adjunct to radiation treatment. The 
radiation may be applied using estabUshed methods (radioactive wires, balloons, as 
discussed supra). In a specific embodiment, local delivery of tlrese nucleic acid molecules 

30 may be achieved by the use of a catlreter placed at the target site for the delivery of genes, 
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^amed via a viral or nonviral vector. In one embodiment, radiation treatment as described 
supra, may be provided prior to, simultaneously with, or subsequent to gene therapy. A 
stent coated with a nucleic acid may be placed at a treatment site to deliver the nucleic acid 
in a sustained manner. The benefit of the coated stent would be to eliminate the need for 
5 viral vectors. 

Stiil further, in anotlier embodiment, rather tlian delivering a gene which may 
have a direct effect on intimal proliferation, it is possible to deliver radiosensitizing agents 
to reduce restenosis. Since the candy wrapper effect is due to low dose radiation at the ends 
of an implantable medical device, one embodiment may be to use radiosensitizing agents or 

10 genes only at the ends of the implantable medical device and normal doses of radiation in 
the center. The dosage across the stent may then be homogenized. It is laiown tliat the 
ataxia telangiectasia mutant (ATM) gene is responsible for cell sui-vival following ionizing 
radiation and that antisense ATM gene therapy has been shown to increase radiosensitivity 
of tumors. Guha et al, 2000, Gene Therapy 7:852-858. In the vasculature, antisense ATM 

15 may be delivered either prior to or at the time of radiation to increase susceptibility of the 
target tissue. In this maimer, the cells may be made more susceptible to radiation decreasing 
the toxic effects conmionly observed with intravascular radiation. 

Nucleic acids that are useful as biologically active materials for gene therapy 
in the present invention include, DNA or RNA sequences having a therapeutic effect after 

20 being taken up by a cell; antisense DNA and R>J'A; DNA coding for an antisense RNA; or 
DNA coding for tRNA or rRNA to replace defective or deficient endogenous molecules. 
The nucleic acid useful in the invention can also encode for polypeptides. A polypeptide is 
understood to be any translation product of a poljoiucleotide regardless of size, and whether 
glycosylated or not. These polypeptides may include for example, those polypeptides that 

25 can compensate for a defective or deficient species in an animal, or those that act tlirough 
toxic effects to limit or remove hannful cells from the body. 

In addition, the polypeptides or proteins tliat can be incorporated into the 
medical device used in the present invention, or whose DNA can be incorporated, include 
without limitation, angiogenic factors including acidic and basic fibroblast growth factors, 

30 vascular endothelial gi-owtli factor, epidermal growth factor, transforming growth factor a 
and jS, platelet-derived endothelial growth factor, platelet-derived growth factor, tumor 
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necrosis factor a, hepatocyte growth factor and insulin like gi-owth factor; growth factors; 
cell cycle inlaibitors, kinase ("TK") and other agents useful for interfering with cell 
proliferation, including agents for treating malignancies. Still other use&l factors, wliich 
can be provided as polypeptides or as DNA encoding these polypeptides, include the family 
5 of bone morphogenic proteins ("BMP's"). The l<nown proteins include BMP-2, BMP-3, 
BMP-4, BMP-5, BMP-6 (Vgr-1), BMP-7 (OP-1), BMP-8, BMP-9, BMP-10, BMP-U, 
BMP-12, BMP43, BMP-14, BMP-15, and BMP-16. Currently prefeixed BMP's are any of 
BMP-2, BMP-3, BMP-4, BMP-5, BMP-6 and BMP-7. These dimeric proteins can be 
provided as homodimers, heterodimers, or combinations thereof, alone or together witli 

10 other molecules. la addition, molecules capable of inducing an upstream or downstream 
effect of a BMP can be provided. Siich molecules include any of tlie "hedgehog" proteins, 
or the DNA's encoding them. 

Most preferably, gene therapy mediates a therapeutic effect by expressing 
genes such as thymidine kinase, retinoblastoma, p53, p21, fasL, VEGF, HGF, P16 (INK4a), 

15 MTS-1, CDKN2, and others which have demonstrated effectiveness in inhibiting intimal 
hyperplasia, hi one embodiment, the gene is delivered as a nucleic acid comprises a gene 
that is part of an expression vector that expresses a functional protein or fragment or 
chimeric protein. 

hi a preferred embodiment, the nucleic acid comprises an antisense ATM 
20 nucleic acid that is pai-t of an expression vector that produces the antisense molecule in a 
suitable mammalian cell type that requires gene therapy. In particular, such a nucleic acid 
has a promoter operably liiiJced to the antisense ATM sequence, said promoter being 
inducible or constitutive, and, optionally, tissue-specific. 

Delivery of the nucleic acid into a patient may be eitlier direct, in which case 
25 the patient is directly exposed to the nucleic acid or nucleic acid-canying vector or a 

delivery complex, or indirect, in which case, cells are first transformed with the nucleic acid 
in vitro, then transplanted into the patient. These two approaches ai-e known, respectively, 
as in vivo or ex vivo gene tlierapy. 

In a specific embodiment, the nucleic acid is directly administered in vivo, 
30 where it is expressed to produce a nucleic acid molecule. This can be accomplished by any 
of numerous methods known in the art, e.g., by constructing it as paii; of an appropriate 
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nucleic acid expression vector and administering it so that it becomes intracellular, e.g., by 
infection using a defective or attenuated retroviral or other viral vector {see U.S. Patent No, 
4,980,286), or by direct injection of nalced DNA, or by use of microp article bombardment 
{e.g., a gene gun; Biohstic, Dupont), or coating with lipids or cell-surface receptors or 
5 ti-ansfecting agents, encapsulation in biopolymei-s {e.g., poly-il3-l->4-N-acetylglucosarmne 
polysaccharide; see U.S. Patent No. 5,635,493), encapsulation in liposomes, micropaiticles, 
or microcapsules, or by administering it in linkage to a peptide which is known to enter tlie 
nucleus, by administering it m linkage to a Ugand subject to receptor-mediated endocytosis 
{see e.g., Wu and Wu, 1987, J. Biol. Chem. 262:4429-4432), etc. In another embodiment, a 

10 nucleic acid-ligand complex can be formed iu which the ligand comprises a fusogenic viral 
peptide to disnipt endosomes, allowing the nucleic acid to avoid lysosomal degradation. In 
yet another embodiment, the nucleic acid can be targeted in vivo for cell specific uptake and 
expression, by targeting a specific receptor {see. e.g., PCX Publications WO 92/06180 dated 
Api-il 16, 1992 (Wu et al); WO 92/22635 dated December 23, 1992 (Wilson et al.); 

15 WO92/20316 dated November 26, 1992 (Findeis et al); W093/14188 dated July 22, 1993 
(Clarke et al.), WO 93/20221 dated October 14, 1993 (Young)). Alternatively, the nucleic 
acid can be introduced intracellulaiiy and incorporated within host ceil DNA for expression, 
by homologous recombination (KoUer and Smithies, 1989, Proc. Natl. Acad. Sci. USA 
86:8932-8935; Zijlstraetal, 19S9, Nature 342:435-438), 

20 In a specific embodiment, a viral vector that contains the antisense ATM 

nucleic acid is used. For example, a retroviral vector can be used {see Miller et al., 1993, 
Meth. Enzymol. 217:581-599). These retroviral vectors have been modified to delete 
retroviral sequences that are not necessary for packaging of the viral genome and integration 
into host cell DNA. The antisense ATM nucleic acid to be used in gene therapy is cloned 

25 into the vector, which facilitates deliveiy of the gene into a patient. More detail about 
retroviral vectors can be found in Boesen et al, 1994, Biotherapy 6:291-302. Other 
references illustrating the use of retroviral vectors in gene therapy ai-e: Clowes et al, 1994, 
J. Clin. Invest. 93:644-651; Kiem et al, 1994, Blood 83:1467-1473; Salmons and 
Gunzberg, 1993, Human Gene Therapy 4:129-141; and Grossman and Wilson, 1993, Curr. 

30 Opin, in Genetics and Devel. 3:110-114. 
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Adenovirases are other viral vectors that can be used in gene therapy. 
Adenovimses are especially attractive veMcles for delivering genes to respiratory epithelia. 
Adenovirases naturally infect respiratory epithelia where they cause a mild disease. 
Adenoviruses have the advantage of being capable of infecting non-dividing cells. 
5 Kozarsky and Wilson, 1993, Current Opinion m Genetics and Development 3 :499-503 
present a review of adenovirus-based gene therapy. Bout et al, 1994, Human Gene Therapy 
5:3-10 demonstrated the use of adenovirus vectors to transffer genes to the respiratory 
epithelia of rhesus monkeys. Other instances of tiiie use of adenovu-uses in gene therapy can 
be found in Rosenfeld et al., 1991, Science 252:431-434; Rosenfeld et al., 1992, Cell 

10 68:143-155; aird Mastrangeli et al., 1993, J. Clin. Invest 91:225-234. Adeno-associated 
virus (AAV) has also been proposed for use in gene therapy (Walsh et al., 1993, Proc. Soc. 
Exp. Biol. Med. 204:289-300. 

The fonn and amount of therapeutic nucleic acid envisioned for use depends 
on the cancer or hyperplasia, desired effect, patient state, etc., and can be determined by one 

15 skilled in the art. 

Another approach to gene therapy involves transferring an antisense gene to 
cells in tissue culture by such methods as electroporation, inotophoresis, fluid pressure, 
lipofection, calcium phosphate mediated transfection, or viral infection. Usually, the 
method of transfer includes the transfer of a selectable marker to the cells. The cells are 

20 then placed under selection to isolate those cells that have taken up and are expressing the 
transferred gene. Those cells are then delivered to a patient, for piu-pose of expressing the 
nucleic acid. In this embodiment, the nucleic acid is introduced into a cell prior to 
administration in vivo of the resulting recombinant cell. Such introduction can be cai-ried 
out by any method known in the ait, including but not limited to transfection, 

25 electroporation, inotophoresis, fluid pressure, sonophoresis, microinjection, infection with a 
viral or bacteriophage vector containing the nucleic acid sequences, cell fusion, 
chromosome-mediated gene transfer, microcell-mediated gene transfer, spheroplast fiision, 
etc. Numerous techniques ai-e known in the art for the introduction of foreign genes into 
cells (see e.g., Loeffler and Belir, 1993, Meth. Enzymol. 217:599-618; Cohen et al., 1993, 

30 Meth. Enzymol. 217:618-644; Cline, 1985, Pharmac. Ther. 29:69-92). The technique 
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should provide for the stable transfer of the nucleic acid to the cell, so that the nucleic acid 
is expressible by the ceil and preferably heritable and expressible by its cell progeny. 

SOURCES OF CRYOTHERAPY 

5 Cryotherapy is a treatment method that involves cooling targeted body tissue 

to relatively low temperatures for a period of time wliich is sufficiently long to inliibit 
excessive cell proliferation. The mechanism involved in cryotherapy is believed to involve 
tlie freezing of the nxtemal celiulai" mattei', expansion of the frozen cellular matter and the 
consequent rupture of tlie cell's membranes. In tlie case of cryotherapy as applied to tlie 

10 surface of a body lumen, the coolmg treatment will be directed against all or a portion of a 
circumferential surface of the body lumen. Such treatment will preferably result in cell 
growth inhibition, leaving the cells which line the body lumen viable, thus lessening 
hyperplasia, but not resulting in significant cell necrosis. 

In general, during ayotherapy, the temperatiu-e at the body lumen surface 

15 exposed to the cryotherapy source is in tlie range from -20°C to -80°C, preferably from 
-30°C to -50°C. The tissue is maintained at such temperatures for a time period in the 
range from 1 second to 10 seconds, preferably from 2 seconds to 5 seconds. In the case of 
aiteries, the cooling treatment will usually be effected very shortly after angioplasty or other 
primary treatment procedure, such as radiation, preferably within one hour of the primary 

20 treatment, more preferably within thirty minutes within the primaiy treatment, and most 
preferably uimiediately following the primary treatment. 

In a preferred embodiment, cryotherapy is applied to the parts of the smface 
of the body lumen that are in contact with the opposing ends of an implanted medical 
device. The lumen surface is exposed in the ciyotherapy source for a time sufficient to 

25 inhibit subsequent cell growtli for the treatment of restenosis or hyperplasia. ' 

Cryotlierapy sources include thennoelectric coolers, peltier effect coolers, 
ulti-asound, higli pressm-e gas, liquid nitrogen or other cold fluids. See U.S. Patent No. 
6,241,718 Bl. Other cryogenic fluid sources are described in U.S. Patent Nos. 5,644,502; 
5,617,739; and 4,336,691. The use of ultrasonic freeze to Idll cells is described in U.S. 

30 Patent No. 5,139,496. 
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The device with wiiich ciyotherapy is generally applied includes catheters, 
such as balloon catheters, that are Imowii in the art. Balloon catheters for intravasculariy 
cooling or heating a body lumen ai-e described in U.S. Pat. No. 5,486,208 and WO 
91/05528. In one embodiment the catheter comprises a lumen for delivering the 
5 cryotherapy source, such as a cold fluid. The cryotherapy source is delivered directly to the 
parts of the surface of the body lumen that are in contact with the opposing ends of the 
medical device to freeze the cells in those areas. 

Another embodiment of a suitable balloon catheter is illustrated in Figure 4. 
The balloon catireter comprises a lumen 210, used in delivering a cryotherapy source, wliich 
10 is in fluid connection with the inside of the balloon. The cryotherapy som-ce is placed in the 
balloon through the lumen 210. In another embodiment, there may be more than one 
balloons in conjunction with the medical device. Along the lumen 210, there are openings 
for the cryotherapy source to enter and inflate the balloon 190. These openmgs 200 ai-e 
positioned in such a way that they are near the surface of the body lumen tliat are in contact 
15 with the opposing ends of the medical device. As the balloon 190 is inflated, the outer wall 
of the balloon contacts tiiose parts of the surface of the body lumen that are in contact with 
the opposing ends of the medical device. Since the openings 200 along the catheter 140 are 
near the ends of the medical device, the balloon near both ends of the medical device has 
the lowest temperature and the temperature increases toward the center of the balloon. The 
20 cryotherapy source, such as liquid nitrogen, will sei-ve both to inflate the balloon and to cool 
the exterior surface of the balloon to a desired temperaUire profile, hi a specific 
embodiment, more than one balloon may be used in an apparatus. 

It will be appreciated that the treatment region of the balloon can be vaiied 
considerably by varying the length of the balloon and controlling the volume of the 
25 cryotherapy source, placed in the balloon, In general, the balloon has a working length of 
up to 25% of the length of the implantable medical device. Exemplary balloons will have a 
length in the range from about 3 cm to 5 cm, a diameter in the range from about 1.5 nmi to 4 
mm, and will typically receive from about O.OS ml/sec to 1.5 ml/sec of a cryotherapy source. 
The ti-eatment is localized at parts of tlie surface of the body lumen that are in contact with 
30 the opposing ends of a medical device to reduce injuries to healthy cells along the surface of 
the body lumen. After a predetermined time passes, the balloon catlreter is deflated and 
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removed from the body lumen. The time during which the balloon is inflated should be 
determined by the type of body lumen tissue and the type of cryotherapy used. One sldlled 
in the art may determine the best placement of the openings 200 along the catheter 140 with 
respect to the surface of the body lumen that are in contact with the opposing ends of the 
5 medical device. Preferably, the opening 200 along the cryogenic delivery tube is about 1cm 
away from either end of the medical device. 

Also suitable are cryosurgical probes that are cooled using very high pressure 
gas which undergoes expansion through a Joule-Thomson valve. Such probes are described 
in U.S. Patent Nos. 5,275,595; 5,190,539; 5,147,355; 5,078,713; and 3,901,241. 
10 Furthermore, a cryosurgical probe with an inflatable bladder for performing intrauterine 
ablation which is described in U.S. Patent No. 5,501,681 is also suitable. 

SOURCES OF THERMOTHERAPY 

Thermotherapy or heat ti-eatnient is a treatment method where various energy 
soui-ces are applied to tissues in order to cause the cells to shrink and tighten or to denature 

15 the structural proteins. This ti-eatment is often less ti-aumatic than surgical procedures. Heat 
treatment has the advantage of using an energy source that is easily obtained, easily 
controlled. The source of heat is easily obtained and controlled such as from a hot wire, hot 
fluids, ultrasound, laser etc. The energy sowce is rapidly dissipated and reduced to a non- 
destructive level by conduction and convection. 

20 In the present invention, themiotherapy is applied specifically to the parts of 

the surface of the body lumen that are in contact with the opposing ends of an implanted 
medical device at a temperature and for a time sufficient to inhibit subsequent undesired cell 
growth, such as restenosis or hypeiplasia. 

Suitable thennotherapy sources include ultra-violet rays, ultrasonic energy, 

25 x-rays, radio frequency energy, heated fluids, electrical current, microwave energy, 

elechicai pulses, light energy such as lasers, tissues destructive substances or other kinds of 
hyperthermic energy. Preferably, the thermotherapy source is a radio firequency energy that 
exposes a patient to minimal side effects and risks. 

In thennotherapy, heat is generated by a suitable energy source. The heat is 

30 then applied to the body tissue by devices that typically include a catheter, which is used to 
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carry a radio frequency electi-ode, microwave energy antenna or a resistance wire, to the area 
of treatment, and applying energy to the interior suiface of a lumen. The proximal temiinal 
end of the catheter can be connected to a radio frequency distributor which is connected to a 
radio frequency generator. 
5 Specifically, the invention may include the use of photodynamic therapy, 

which involves the use of a biologically active material that can be activated or triggered, 
for example by energy, to kill cells. 

Any suitable medical device may be used to apply the thermotherapy source 
to a body lumen as determine by one slcilled in the art. For example, a catheter may be 

10 introduced near the tissue in contact with the ends of an implanted medical device. Such 
catheter may have a liunen for applying or dispensing the tliermotherapy source which is 
similar to the balloon catheter that is used in ciyotherapy as described supra. Catheters with 
heated balloons for post-angioplasty and other trcatments are useful. These balloons are 
described in U.S. Pat. Nos. 5,196,024; 5,191,883; 5,151,100; 5,106,360; 5,092,841; 

15 5,041,089; 5,019,075; and 4,754,752. 

Thermotherapy for the retardation of cell proliferation requires a temperature 
of approximately 50°C. It is prefen'ed to heat tissue to SO'^C up to 5 mm from the catheter 
axis. At iOO°C, undesirable charring and desiccation takes place. 

Other materials that may be set off or activated, such as the use of resistance 

20 heating, and hot fluids in catheter or balloon which spray hot fluids to generate heat. These 
heat som'ces maybe incorporated to opposing ends of a medical device. 

METHODS OF MAiaNG THE SYSTEM OF THE INVENTION 

The present invention is directed to a method of making a system for 
25 delivering a biologically active material to a surface of a body lumen that is exposed to a 
radioactive source. The system comprises an implantable medical device and a radioactive 
source. The metliod comprises obtaining an implantable medical device that has two 
opposing ends having a surface and a middle portion. The radioactive source can be 
provided by malcing tire medical device from a radioactive material or placing a radioactive 
30 material inside the medical device. Alternatively, a coating containing a radioactive 
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material may be applied on the surface of tlie medical device. Also, the medical device can 
be made of a non-radioactive material which is later irradiated. 

The biologically active material is incorporated in the opposing ends of the 
medical device, which is the portion at the terminal ends of the device, each end is no more 
5 than 25% of the total length of the device. The biologically active material can be 
incorporated as a coating as discussed above or by any other method known to the skilled 
artisan, Also, the middle portion of the device is kept free of biologically active material. 

The present invention further provides a method for making a system for 
delivery of a genetic material to a surface of a body lumen exposed to a radioactive source. 

10 The system comprises an implantable medical device having a surface. This method 

comprises providing a radioactive source and incorporatuig a genetic material in the medical 
device. The genetic material may be incorporated onto the surface of the entire length of the 
medical device or only in certain parts of the device. 

The pi^esent invention also provides a method for making a system for 

15 treating a surface of a body lumen with a biologically active material and a cryotherapy or 
thermotherapy source. The system comprises an implantable medical device and a device 
for delivering the cryotlierapy or thermotherapy source. This method comprises obtaining 
an implantable medical device that has two opposing ends with a surface and a middle 
portion. The opposing ends are capable of being placed in contact with at least a part of the 

20 body lumen surface. A biologically active material is applied to the medical device, such as 
by applying a coating with the biologically active material onto the surfiicc of the medical 
device. The device for delivering the cryotherapy or thermotlierapy to the surface of the 
body lumen that is in contact with the ends of the medical device include a balloon catheter. 
Also, the present invention provides a method for making a system for 

25 treating a surface of a body lumen exposed to a radioactive soxirce and a cryotherapy or 
thermotherapy source. Such system comprises a medical device and device for delivering 
the cryotherapy or thermotherapy source. The method comprises obtaining an implantable 
medical device that has two opposing ends with a surface and a middle portion. The 
opposing ends of tlie device are capable of being placed in contact with at least a part of the 

30 body liunen surface. A radioactive source is provided by, inter alia, making the medical 
device using a radioactive material, exposing the device to radiation prior to surgery, or 
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placing a radioactive material inside the medical device. One of ordinary skill in the art is 
aware of suitable radioactive sources. The device for delivering the cryotherapy or 
thermotherapy source to the surface of the body lumen that is in contact with the ends of the 
medical device can include a catheter. 

5 

USE OF SYSTEM FOR TREATING BODY LUMINA 

One method of treating the body lurnina, which has been irradiated with a 
radioactive source, is that the medical device of a system of the present invention is inserted 
into a body lumen where the opposing ends of the medical device are in contact with at least 

10 a part of the body lumen surface. Insertion of the medical device may be done by any well- 
icnown percutaneous insertion techniques as deteimined by one skilled in the art. When the 
system is a self-expandable stent having two opposing ends which are coated with a 
biologically active material, the expandable portion of tlie stent is subsequently expanded to 
bring the biologically active material on the coating of the medical device into contact witli 

15 the surface of the body lumen that is in contact with the opposing ends of the stent. The 
biologically active material is released from the coating as it slowly dissolves into the 
aqueous bodily fluids. The biologically active material may be release tk-ough diffosion or 
pressure (similar to release from a sponge). This enables administration of the biologically 
active material to be site-specific, limiting the exposure of the rest of the body to the 

20 biologically active material. 

Another method of treating the body lamina requires the insertion of the 
medical device of another system of the present invention into a body lumen where the 
medical device is coated with a biologically active material. The medical device is placed 
in the lumen such tliat the medical device are in contact with at least a part of the body 

25 lumen surface. A therapy som-ce, eitlier cryotherapy or thermotherapy, is applied to the part 
of the body lumen surface that is in contact with tlie medical device thi-ough a catheter. The 
therapy is directed to the part of tlie body lumen surface where restenosis or hyperplasia is 
most likely to occiu-. In a specific embodiment, the therapy source is applied to the lumen 
surface that are in contact with the opposing ends of the medical device, 

30 In an embodiment, the method of treatment uses a system, which comprises 

an implantable medical device, for delivering a biologically active material to a surface of a 
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body lumen being exposed to a radioactive source. Neither the source of the biologically 
active material nor the source of the radiation are part of the implantable medical device. In 
one embodiment, the method utilizes radiation source that is provided by a radioactive wire 
that is placed hi the center of the implantable medical device. The biologically active 
5 material is provided through a balloon wliich may be located along the entire length of the 
implantable medical device. In another embodiment, the method utilizes biologically active 
material that is provided through a balloon located at tlie ends of the implantable medical 
device. 

Another method of treating the body lumina requires the insertion of the 

10 medical device of another system of the present invention into a body lumen which has been 
exposed or is exposed to a radioactive source. The medical device is inserted into a body 
lumen such that the opposing ends of the medical device are in contact with at least a part of 
the body lumen surface. A therapy source, either cryotherapy or thermotherapy, is applied 
to the part of the body lumen surface that is in contact with the opposing ends of the 

15 medical device thi-ough a catheter. The therapy is directed to the part of the body lumen 
surface where restenosis or hyperplasia is most likely to occur. 

The present invention provides a method of treatment to reduce or prevent 
the degi'ee of restenosis or hj'perplasia after vascular intervention such as angioplasty, 
stenting, atherectomy and grafting. Ail forms of vasculai* intei-vention are contemplated by 

20 the invention, including, those for treating diseases of the cardiovascular and renal system. 
Such vascular intervention include, renal angioplasty, percutaneous coronary intervention 
(PCI), percutaneous transluminal coronary angioplasty (PTCA); carotid percutaneous 
transluminal angioplasty (PTA); coronary by-pass grafting, angioplasty with stent 
implantation, peripheral percutaneous transluminal intervention of the iliac, femoral or 

25 popliteal arteries, carotid and cranial vessels, sui'gical intervention using impregnated 

artificial grafts and the like. Furthermore, the system described in the present invention can 
be used for treating vessel walls, portal and hepatic veins, esophagus, intestine, lureters, 
m-ethra, intracerebrally, lumen, conduits, channels, canals, vessels, cavities, bile ducts, or 
any other duct or passageway in tlie human body, either in-bora, built in or artificially made. 

30 It is understood tliat the present invention has application for both human and veterinary 
use. 
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The present invention also provides a method of treatment of diseases and 
disorders involving cell overproliferation, cell migration, enlargement. Diseases and 
disorders involving cell overproliferation that can be treated or prevented include but ai-e not 
limited to malignancies, premalignant conditions (e.g., hyperplasia, metaplasia, dysplasia), 
5 benign tumors, hyperproliferative disorders, benign dysproliferative disorders, etc. that may 
or may not result &om medical intervention. For a review of such disorders, see Fishman et 
al., 1985, Medicine, 2d Ed., J.B. Lippincott Co., Philadelphia. 

Accoi-dingly, the present invention provides method of treatment of various 
types of cancers and solid tumors including, but not limited to, sarcomas, carcinomas, 

10 fibrosarcoma, myxosarcoma, liposarcoma, chondrosarcoma, osteogenic sarcoma, chordoma, 
angiosarcoma, endotheliosarcoma, lymphangiosai-coma, lymphangioendotheliosarcoma, 
synovioma, mesothelioma, Ewing's tumor, leiomyosai-coma, rhabdomyosarcoma, colon 
carcinoma, pancreatic cancer, breast cancer, ovarian cancer, prostate cancer, squamous cell 
carcinoma, basal cell carcinoma, adenocarcinoma, sweat gland carcinoma, sebaceous gland 

15 carcinoma, papillary carcinoma, papillary adenocarcinomas, cystadenocai-cinoma, thyroid 
carcinomas, medullary carcinoma, bronchogenic carcinoma, renal cell carcinoma, 
hepatoma, bile duct carcinoma, choriocarcinoma, seminoma, embryonal carcinoma, Wilms' 
tumor, cervical cancer, uterine cancer, testicular tumor, limg carcinoma, small cell lung 
carcinoma, bladder carcinoma, epithelial carcinoma glioma, glioblastoma, astrocytoma, 

20 meduUoblastoma, craniopharyngioma, ependymoma, pinealoma, hemangioblastoma, 
acoustic neuroma, oligodendroglioma, menangioma, neuroblastoma, and retinoblastoma. 

In a prefen-ed embodiment, the present invention provides a method of 
treatment for renal cell cancer, also known as kidney cancer or renal adenocarcinoma, a 
disease in which cancer cells are found in the tubules of the kidney. Accordingly, a 

25 prefen-ed embodiment of the method of the present invention is the implantation of the 
system of the present invention in the habules of the kidney for the treatment of renal cell 
cancer. 

In another prefeited embodiment, the present invention provides a method of 
treatment for pitjstate cancer. Other treatments of cancer may be used in combination with 
30 the treatment method of the present invention. These other treatments of cancer include, 
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without limitation, surgeiy, chemotherapy, radiation therapy, homional therapy and 
biological therapy (biological response modifier therapy or immunotherapy). 

In particular, the method of the invention used to treat or prevent hyperplasia 
may be administered in conjunction with one or a combination of chemotherapeutic agents 
5 including, but not limited to, methotrexate, taxol, mercaptopurme, thioguanine, 

hydroxyurea, cytarabine, cyclophosphamide, ifosfamide, nitrosoureas, cisplatin, carbopiatin, 
mitomycin, dacarbazine, procarbizine, etoposides, campathecins, bleomycin, doxorubicin, 
idarabicin, daunombicin, dactmomycin, piicamycin, mitoxantrone, asparaginase, 
vinblastine, vincristine, vinorelbine, paclitaxel, and docetaxel. In a prefen'ed embodiment, 

10 the medical device that is used in the present invention is coated with a chemotherapeutic 
agent or other type of toxin (e.g., a ricin toxin, or a radionuclide, or any other agent able to 
Icill cancerous cells or to arrest cell growth). In another prefen-ed embodiment, the 
chemotherapeutic agents can be activated by a radiation source that is provided in the sj^tem 
of the present invention. 

1 5 Many cancer cells are resistant to initial chemotherapeutic treatment or will 

eventually develop resistance to a chemotherapeutic agent. Some cancers respond poorly to 
treatment methods such as chemotherapy and radiation therapy (Boring et al, 1994, Cancer 
J. Clinic, 44: 7-26), As such, there is a need of sensitizing cancer cells so that these cells 
will be more receptive to treatment which improves treatment outcomes. When 

20 chemotherapeutic agents such as cisplatin, busulfan, temozolomide, and procarbazine are 
used to treat cancer, the varying degree of resistance of cancer cells to these dmgs has been 
shown to produce a large difference in clinical responsiveness in vivo as demonstrated in 
tumor model systems. 

The present invention can be used to sensitize overproliferative cells to 

25 chemotherapeutic and radiation. Accordingly, preferably the present invention provides 
methods for sensitizing overproliferative cells such as cancer cells to chemotherapy or 
radiation therapy using drugs such as taxol. For example (as mentioned supra), a 
sensitizing agent at the ends of the medical device may allow those areas to absorb radiation 
in a more evenly distributed manner, leading to an abatement of restenosis, 

30 
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ASSESSMENT OE EFFICACY OF TimATMENTS 
Whether a particular treatirient of the invention is effective to ti'eat restenosis 
or hypei-plasia of a body lumen can be determined by any method loiown in the art, for 
example but not limited to, those methods described in tliis section. 

5 The safety and efficiency of the proposed method of treatment of a body 

lumen may be tested in the com-se of systematic medical and biological assays on animals, 
toxicological analyses for acute and systemic toxicity, histological studies and functional 
examinations, and clinical evaluation of patients having a variety of indications for 
restenosis or hypeiplasia in a body lumen. 

10 The efficacy of the method of the present invention may be tested in 

appropriate animal models, and in human clinical tiials, by any method known in the art. 
For example, the animal or human subject maybe evaluated for any indicator of restenosis 
or hypoplasia in a body lumen that the method of the present invention is intended to treat. 
The efficacy of the method of the present invention for treatment of restenosis or 

15 hypoplasia can be assessed by measuring the size of a body lumen in the animal model or 
human subject at suitable time intei-vals before, during, or after treatment. Any change or 
absence of change in the size of the body lumen can be identified and correlated with the 
effect of the treatment on the subject. The size of the body lumen can be determined by any 
method loiown in the aii, for example, but not limited to, angiography, ultrasoimd, 

20 fluoroscopy, magnetic resonance imaging, optical coherence tumography and histology. 

The present invention is not to be limited in scope by the specific 
embodiments described herein. Indeed, various modifications of the invention in addition 
to those described herein will become apparent to those skilled in the art from the foregoing 
description and accompanying figures. Such modifications are intended to fall within the 

25 scope ofthe appended claims. 

Various i-efei-ences are cited herein, the disclosui-e of which are incorijorated 
by reference in their entireties. 



30 
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WE CLAM : 

1 . A system for delivering a biologicaliy active material to a surface of a body 
lumen exposed to a radioactive source comprising: 

5 an implantable medical device having two opposing ends and a middle 

poition and a surface; 

at least one biologically active material applied to the ends of tlie medical 
device; 

and wherein the middle poition is substantially free of any biologicaliy active material, 

10 

2. The system of claim 1 wherein the device is selected from a group consisting 
of catheters, guide wires, balloons, filters, stents, stent grafts, and VE^cular grafts. 

3 . The system of claim 2 wherem the device is a stent. 

15 

4. The system of claim 3 wherein the stent comprises a radioactive material. 

5 . The system of claim 1 further comprising a catheter for applying the 
radioactive source. 

20 

6. The system of claim 1 wherein the biologically active material is 
incorporated into a first coating composition and wherein the first coating composition is 
applied to at least one end of tlie medical device. 

25 7 . The system of claim 1 wherein the biologically active material is incorporated 

into a graft covering and the graft covering is disposed upon at least one end of the medical 
device. 

8. The system of claim I wherein the biologically active material is applied to 
30 the medical device and body lumen by a balloon catheter. 
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,9, The system of claim 1 wherein the biologically active material is selected 
from the group consisting of non-genetic therapeutic agents, genetic materials, cells or 
charged therapeutic agents. 

5 10. The system of claim 9 wherein the biologically active material is selected 

from the group consisting of glucocorticoids, hepaiin, himdin, angiopeptin, aspirin, ACE 
inliibitors, growth factors, oligonucleotides, antiplatelet agents, anti-hypertensives, anti- 
coagulant agents, antimitotic agents, antioxidants, antimetabolite agents, anti-inflammatory 
agents and antibiotics. 

10 

11. The system of claim 9 wherein the biologically active material is paclitaxel. 

12. The system of claim 9 wherein the biologically active material is in a 
particulate form having an average particle size of about 1 to about 100 microns. 

15 

13. The system of claim 2 wherein the biologically active material is released 
upon application of the radioactive source. 

14. The system of claim 6 further comprising at least one additional coating 
20 comprising a second biologically active material and wherein the additional coating is 

disposed upon at least one end of tlie medical device. 

15. The system of claim 1 wherein the lengths of the two opposing ends of the 
medical device ai-e each about 1-25% of the flill length of the medical device. 

25 

16. The system of claim 15 wherein the lengths of the two opposing ends of the 
medical device are each about 5-15% of the full length of the medical device. 

17. A system for delivering a biologically active material to a surface of a body 
lumen exposed to a radioactive soiu-ce comprising an implantable medical device having 

30 two opposing ends, a middle portion and a surface, wherein at least one biologically active 
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material is applied to the opposing ends of the medical device, and wherein the radioactive 
source is applied to tlie middle portion and the end portions are substantially free of direct 
exposure to the radiation source. 

5 1 8, The system of claim 17 wherein the radioactive source is a radioactive 

material coated onto the device surface. 

19. The system of claim 17 fuilher comprising a catheter for applying the 
radioactive source. 

10 

20. The system of claim 1 7 wherein the biologically active material is applied to 
the middle portion of the medical device. 

2 1 . The system of claim 1 7 wherein the biologically active material is 

15 incoi-porated into a first coating composition and wherein the first coating composition is 
applied to at least one end of the medical device. 

22 . The system of claim 1 7 wherein tlie biologically active material is 
incoiporated into a graft covering and the graft covering is disposed upon the medical 

20 device. 

23. The system of claim 17 wherein the biologically active material is appUed to 
tiie medical device and body lumen by a balloon catheter. 

25 24. A method for ti-eating a siuface of a body lumen using the system of claim 17. 

25 . A system for treating a surface of a body lumen comprising: 

(a) an implantable medical device having two opposing ends, a middle 
portion, and a surface, wherein the device surface is capable of being placed in contact with 
30 at least a part of the body lumen surface; 
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(b) a biologically active material applied to the medical device; and 

(c) a device for applying a therapy source to the body lumen surface 
selected from the group consisting of cryotherapy sources and tliermotherapy sources. 

26. The system of claim 25, wherein the device for applying the therapy source is 
5 a catheter, 

27 . The system of claim 25 , wherein the cryotherapy source comprises liquid 
nitrogen, 

10 28. The system of claim 25, wherein the thermotherapy source comprises a 

radiowave source. 

29. The system of claim 25, wherein the implantable medical device is a stent. 

15 30. The system of claim 25, further comprising a radioactive source. 

3 1 . The system of claim 25, wherein the biologically active material is selected 
fi-om a group consisting of glucocorticoids, hepailn, hirudin, angiopeptin, aspirin, ACE 
inhibitors, growth factora, oligonucleotides, antiplatelet agents, anti-hypertensives, anti- 
20 coagulant agents, antimitotic agents, antioxidants, antimetabolite agents, anti-inflammatory 
agents and antibiotics. 

3 2 . The system of claim 3 1 , wherein the medical device comprises a coating 
applied to the surface of the medical device, wherein tlie coating contains the biologically 
25 active material. 

33 . The system of claim 25, wherein the biologically active material is applied by 
a balloon catheter. 
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34. The system of claim 25, wherein the biologically active material is applied to 
the opposing ends of the medical device and the middle portion of the medical device is 
substantially free of the biologically active material. 

5 35, The system of claim 25 , wherein the therapy source is applied to the 

opposing ends of tlie medical device. 

36. A system for treating a surface of a body lumen exposed to a radioactive 
source comprising: 

10 (a) an implantable medical device comprising two opposing ends, a 

middle portion, and a surface, and wherein the opposing ends are capable of being placed in 
contact with at least a part of tlie body lumen svu-face; and 

(b) a device for applying a therapy source to the body lumen surface, 
selected from the group consisting of cryotherapy sources and thermotherapy sources, 

15 

37. The system of claim 36, wherein the therapy source is applied to the opposing 
ends of the medical device. 

38. The system of claim 36, wherein the device for applying the therapy source is 
20 a catheter. 

39. The system of claim 36, wherein tlie ciyotherapy source comprises liquid 
nifrogen. 

25 40. The system of claim 36, wherein the thennotherapy source comprises a 

radiowave source. 

41. The system of claim 36, wherein the implantable medical device is a stent. 

30 42, The system of claim 41 wherein the stent comprises a radioactive material. 
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43. The system of claim 36 further comprising a catheter for applying the 
radioactive source. 

44. A system for delivering a genetic material to a surface of a body lumen 
5 exposed to a radioactive source comprising an implantable medical device having two 

opposing ends and a middle portion, wherein at least one genetic material is applied to the 
medical device. 

45. The system of claim 44, wherein the middle portion is substantially free of 

10 any biologically active material. 

46. The system of clami 44, wherein the genetic material is applied to the entire 
length of tlie medical device. 

15 



20 



25 



30 



-40- 



wo 2004/049918 



PCT/US2003/038412 



1/5 




FK3.2 



SUBSTITUTE SHEET {RULE 26) 



wo 2064/041)918 



PCT/US2003/03«412 



2/5 




FIG. 3 



SUBSTITUTE SHEET (RULE 26) 



wo 2004/049918 



PCT/US2003/038412 




SUBSTITUTE SHEET (RULE 26) 



wo 2004/()4<)<)l8 



PCT/US2003/()384I2 




SUBSTITUTE SHEET (RULE 26) 



WO2004/04<)918 



PCT/US2003/038412 




SUBSTITUTE SHEET (RULE 26) 



